To study the perceived sources of stressful events in dental students and the relationships between their self-perceived stress levels and salivary IgA. Undergraduates as well as postgraduates at the Faculty of Dentistry, National University of Singapore were surveyed one month after the new term. A 38-item dental environmental stress (DES) questionnaire, with subscales of academic work (AW), clinical factors (CF), facuIty and administration factors (FA) and personal factors (PF), was used to identify the potential stressors in the dental environment. A 4-point perceived stress scale was used to rank their self-perceived stress levels. Enzyme linked immunosorbent assay method was used to determine the salivary IgA level. One hundred and thirty students (81.3% -valid response rate) participated in the study. Overall, students ranked AW with the highest score (mean 2.76), followed by CF (2.67), FA (2.24) and PF (2.16). Among the 38 items of DES questionnaire, lSI year students perceived "fear of being unable to catch up if behind" as the most stressful event (mean 3.30). For 2 nd and 3 rd year students, examination and grades had the highest scores (mean 3.28, 3.19, respectively). Completing graduation requirements was the most important stressor for 4 1h year students (mean 3.89). Postgraduates perceived atmosphere created by clinical faculty was most stressful to them (mean 3.05). The mean total perceived stress scores were highest (22.1) in 151 year students and lowest (21.0) in postgraduates, however, no significant different among various classes. First year students had the lowest IgA secretion rates (geometric mean [GM] 46.8 ug/min), significantly lower (p<0.05) than postgraduates (GM 79.4 fLg/min). An inverse correlation was noted between perceived stress scale and log IgA secretion rates (r=-0.20, p=0.002.). AW was also significantly inversely correlated with salivary IgA (r=-0.18, p=0.04). Dental students in different academic years perceived different important stressors. Salivary IgA secretion rate correlated inversely with self perceived stress.
The dental school has been considered as a stressful environment (1-3). Stress arises from the academic factors such as the amount of material they need to learn, facing examinations, meeting treatment requirements and also in meeting the time and scheduling demands. As some dental students may stay away from their family, they may lack immediate support from their family. Most dental students are at an age where heterosexual and social relationships become important to them, they may face problems in boy-girl relationships. Due to the heavy course work, they may lack time for relaxation, and interaction with friends and family members. Some may feel insecure about their professional future (4, 5) .
Identification of potential stressors and their impact on students will help the students, and faculty to find appropriate approaches towards student stress. (6) .
There are a number of studies carried out to investigate the source of stress and levels of stress of dental students. The instrument commonly used to identify and quantify the perceived source of stress is the Dental Environmental Stress (DES) questionnaire developed by Garbee et al. (7) . Due to the differences in social-cultural backgrounds, and personal beliefs and attitudes, students in different countries percei ve stressors in their dental environment differently.
In 1980s, two studies used the DES to examine stress at Louisiana State University's School of Dentistry. The findings from the first study indicated that student-faculty relationships were the primary course of stress for dental students (7) , and in the second study it was the inconsistency of instructor feedback (8) . Subsequently, the same instrument was used by Westerman et al. (6) at a private Midwestern dental school in North America, in the United Kingdom at Manchester Dental School (4) , in Australia (9) and in Jordan (10) . In these studies, students perceived "examinations and grades" was the top stressor. In Singapore (11) students ranked "completing graduation requirements" as the top stressor. In South Africa (12) "inadequate time for social activities" was perceived as most stressful.
Most of the studies about perceived source of stress in the dental school environment were descriptive and used subjective methods. There is a need to find a more objecti ve way to complement the subjective assessment of stress. Using a biological indicator may accomplish this objective Mucosal immunity is sensitive to psychological stress. Salivary IgA is a convenient indicator of mucosal immune status. Measurement of this parameter is thought to be the indicative of the functional status of the entire mucosal immunity system. Previous studies (13) (14) (15) (16) (17) (18) showed that those who reported higher level of stress have lower level of Immunoglobulin A (IgA). Hucklebridge and co-workers (19) found that in chronic stress the production of immunoglobulin is suppressed, whereas acute psychological challenge increases IgA level.
The objectives of this study were to study the perceived sources of stressful events for dental students in Singapore and to study the relationship between self-perceived stress levels and salivary IgA.
MATERIALS AND METHODS

Subjects
This was a cross-sectional study carried out in the Faculty of Dentistry, National University of Singapore. One month after the new term in the 200 1-2002 academic year, all four classes (first-fourth year) ofundergraduates as well as 26 postgraduates were invited to participate in this study. There were 34, 35, 32, 33 students in the first, second, third, fourth year, respectively. The study was approved by our Institutional Review Board. Participants were given a full explanation of the study protocol, and participation was voluntary. Written informed consents were obtained.
Field activities
The field activity was conducted on different days for different classes; between 12 noon to 1.00 p.m. The fixed timing was designed to minimize the possible circadian variation of salivary biomarkers.
The students were given a self-administered questionnaire, which included the following.
Dental environmental stress questionnaire (DES) This 38-item questionnaire was originally designed to identify potential stressors to dental students. The responses are based on 4-point Likert scale, with I=not stressful, 2=slightly stressful, 3=moderately stressful, 4=very stressful as well as a fifth possible response of "not applicable". The DES was grouped into 4 subscales according to the Heath et al (4) study, with slight modifications:
Subscale I: academic work (A W) -amount of assigned classwork, difficulty ofc1asswork, competition for grade, examinations, concern about manual dexterity, lack of confidence to be a successful dentist/student, complete graduation requirements, fear offalling course, and uncertainty about dental career. Subscale 2: clinical factors (CF) -lack of cooperation by patient, patient being late/not showing for appointments, difficulty in learning clinical procedures, working on patients with dirty mouths. Subscales 3: faculty and administration factors (FA)-atmosphere created by clinical faculty, receiving criticism about work, amount of cheating in dental school, rules and regulation in dental school, expectation versus reality of dental school, lack of input into the decision making process, attitude of school towards women dental students, discrimination due to race or ethnic group, inconsistency of feedback on work between different instructors. Subscales 4: personal factors (PF) -relationship with members of opposite sex, lack of time forrelaxation, having children at home, marital adjustment problems, financial problems, lack of time to do assigned school work, forced postponement of marriage orengagement, personal physical heath, necessity to postpone having children, lack of home atmosphere in living quarters, conflict with mate over career decision, having dual roles ofspouse/parent and dental students. The reliability for the questionnaire was 0.92.
Perceived Stress Scales-JO (PSS-JO)
The self-perceived scale developed by Cohen et ai. (20) was used. Students indicated how often they had experienced the condition during the past one month based on the 5-point Likert scale with O=never, I =almost never, 2=sometimes, 3=fairly often and 4= very often. Questions in the scale ask respondents how often they felt the following in the past one month: I) upset because ofsomething that happened unexpectedly, 2) unable to control the important things in life, 3) nervous and stressed, 4) confident, able to handle personal problems, 5) things were going your way, 6) unable to control irritations in life, 7) able to control irritations in life, 8) fealt have you were on top ofthings 9) angered because of things that happened that were outside your control, and 10) difficulties piling up so high they could not be overcome. The test-retest reliability of the scale conducted by Sewitch et al (2 I) was 0.86.
Saliva collection
Students were informed earlier to abstain from food and drinks one hour prior to saliva collection, as to minimize the possible presence of food debris and stimulation of salivation.
After completing the questionnaire, students were also briefed and supervised on the saliva collection method by a specially trained research assistant. A single fiveminute unstimulated total saliva sample was obtained from each student. Subjects were also asked to indicate if they had an upper respiratory tract infection (URTI) on that day or in the past week. After the collection, the samples were kept in an ice box and immediately transported to the laboratory. The volume of the saliva was measured and divided by five minutes to obtain the salivary flow rate, expressed in mllmin, Thereafter the saliva samples were stored at -70°C until analysis.
Laboratory analysis Salivary IgA concentration (ug/ml) was determined using the Salimetrics HS-IgA kit (Salimetrics LLC). The intra-and interassay variability were less than 4.5% and 8.9% respectively. The sensitivity of the kit is 2.5 ug/mi. Salivary IgA secretion rate (ug/min) was computed by multiplying the sIgA concentration with salivary flow rate.
Valid subject
To ensure the validity of the results, only subjects (I) without a present or past (one week) history of URTI (URTI will affect the level of IgA in the saliva) and (2) with a salivary flow rate >= 0.1 mllmin (under basal conditions, the rate of saliva production is 0.5mIl min) (22) were selected for further analysis. Subjects with a flow rate of less than O. I mllmin would probably not have collected the sali va properly.
Statistical analysis
The data analyses were performed with SPSS software Base 11.0 for Windows (23) . Means and standard deviations were used to present the 38 DES items. Several items in the DES were not applicable to some students in certain academic years. As such, items which had less than 20 percent responses in that academic year were labeled as not applicable (NA) to avoid misrepresentation of the results. Analysis of variance was used to assess the difference in perceived stressors across all academic years and a two sample independent t-test was used for gender comparison. Significant differences for all classes were then further analysed by using Scheffe' s test. As the frequency distribution for the data of salivary IgA was positively skewed, logarithmic transformation was performed to normalize the distribution for further parametric analysis (Fig 1a and Ib) . All the p values were two sided and the level of statistical significance was considered as the conventional alpha = 0.05. The partial correlation coefficient (r) with controlling for gender was used to analyze the strength of bivariate correlations between perceived stress and log salivary IgA.
RESULTS
Response rate
All the students (100%) participated in this study. Based on the selection criteria, 130 students (81.3%) of the 160 students were included in the analysis. Twenty-seven (90.0%) of the 30 students were excluded from the analysis because ofURTI. The valid response rates according to distribution by dental class were: n=28 (82.4%) for the first year, n=26 (74.3%) for second year class, n=27 (84.4%) for third year class, n=29 (87.9%) for fourth year class, and n=20 (76.9%) for postgraduates. There were no significant differences in demographic variables between the 130 valid subjects and the 30 subjects who were dropped out based on the selection criteria (Tab. I).
Socia-demographic characteristics
Among the 130 valid subjects, their age (mean ± SD) was 22.4 ± 2.5 years (range 19 -35).
Postgraduates were slightly older with a mean.age of 28.5 years. Eighty one (62.3%)of the 130 study subjects were males. All the undergraduates were single and 9 (45%) of the postgraduates were married. (Tab. I).
Dental environmental stress questionnaire (DES)
The six stressors with the overall highest mean stress scores were: (a) "completing graduate requirement" (3.20), (b) "fear of being unable to catch up if behind" (3.10), (c) "examinations and grades" (3.05), (d) "atmosphere created by clinical faculty" (3.04), (e) "fear offailing course or year" (3.04), (f) "amount of assigned classwork" (3.01). 1st year students perceived fear of being unable to catch up if behind as the most stressful event (mean score, 3.30). Forthe 2 nd and 3 rd year students, examination and grades had the highest scores (mean scores: 3.28, 3.19, respectively). Completing graduation requirements was the important stressor for 4 lh year students (mean score: 3.89). Postgraduates perceived atmosphere created by clinical faculty as the most stressful (mean score: 3.05).
Overall students ranked AW with the highest score (mean: 2.76), followed by CF (2.67), FF (2.24) and PF (2.16) (Tab. II).
Based on the combined mean scores of DES, 4 lh year students had the highest scores (2.73), followed by 2 nd year (2.61), 3 rd year (2.50), postgraduates (2.40) and Ist year students (2.27). However, a significant difference was only noted between 4 th year and I st year students (Tab.III).
Overall there was no significant difference in perceived stressors between male and female students. However analysis by stress items revealed that male students perceived higher level of stress on the "amount of cheating in dental school" (M:F score: 1.84: 1.39).
Perceived Stress Scales-IO (PSS-10)
The mean total perceived stress scores were highest (22.1) in 1st year students, followed by 4 th year (21.7), 2 nd year (21.4), 3 rd year (20.6) and lowest in postgraduates (1.94). However, no significant difference was noted among the various classes (Tab. III).
Salivary IgA
The salivary IgA secretion rate varied in different academic years. I sl year students, who had reported the highest levels of stress (PSS-l 0 score), had the lowest salivary IgA secretion rate (geometric mean [GM], 46.8; 95% confident interval [CI], 38.0 to 57.5 u.g/min). Postgraduates, who
Tab. I. Distribution by dental class ofnumber ofstudents. valid subjects and their demographic characteristics
Year (Table 3 ). Post hoc test of one way analysis of variance indicated that the salivary IgA secretion rate of Ist year students was significantly lower than postgraduates (Tab. III). An inverse correlation was noted between PSS and salivary IgA secretion rates (Pearson's r=-0.30, p=O.OOl). The negative correlation was still existed even after adjustment for gender (r=-0.20. p=0.027). AW was also inversely correlated with salivary IgA after adjustment for gender (Pearson's r=-0.18, p=0.04) (Tab. IV).
DISCUSSION
no significant age effect on salivary IgA and immunity in adults aged between 15-70 years (24, 25, 17) . Thus, age was unlikely to be a confounder. The other difference between the undergraduates and postgraduates was marital status (6.9% of the students were married). A study conducted by Musser et al (26) on 298 dental students indicated that the difference in the mean total stress score between married and nevermarried students was minimal (72.11 and 72.31, respectively), with those separated/widowed/ divorced having the highest total mean stress score (75.89). Analysis of our results showed that marital status was not a confounder for the relationship between stress score and the salivary IgA level. This is the first study to investigate the perceived sources and levels of stress experienced by dental students and their relationship with salivary IgA (mucosal immunity).
Response rate
The excluded subjects due to improper collection of saliva samples in this study were only 3 of the 160 (1.9%) students. The majority of those who have been excluded were due to URTI (18.7%), which was beyond our control. The response rate of 86.1% in this study is good.
Socio-demographic characteristics Age was one of the differences across the five groups. However, previous reports had indicated
Dental environmental stress questionnaire (DES)
Perceivedsourcesof stresscan be both academic and non-academic. Sources of stress for our dental students were mainly from academic factors and less from other factors such as faculty administrative and personal factors. Academic factors and its related matters ranked top six among the 38 stressors in the DES for all the students. This is especially obvious for a highly competitive society like Singapore where academic excellence is highly regarded. (11). Moreover, in Singapore there is only one dental school, with limited available places. Thus, there are high expectations from family and society for their success. Overall, students reported personal factors as the least stressful events to them. It may indicate that our dental students adapted well in handling their personal matters. Most of the students were from Singapore and neighboring Malaysia, and family and friends usually serve as the main source of support. In addition, the mentorship system offered by the faculty may also serve as another source of support for the students. In other studies (4, 6, 9) financial resources have been indicated by students as one of the stressful factors. However, this was not the case in the Singapore students. Undergraduates are usually dependent on their family for financial support, and postgraduates, usually receive financial aid from scholarships.
Based on the combined mean stress scores, 4 th year students perceived highest stress in the dental environment followed by 2 nd year, 3'd year, postgraduate and 1st year students. 4 th year students experience increased pressure to fulfill graduation requirements in order to obtain the degree. However, this finding contradicted that of Yap et at. (11) where the 4 th year students in his study perceived least stress on the DES questionnaire. However, for American dental students (6); the 4 th year was perceived to be the most stressful on DES questionnaire. However, this study was conducted at the beginning of the new academic year. 1st year students may not have experienced stressors in their dental environmental yet.
Many studies have reported that females perceive the dental school to be more stressful than their male counterparts (6, 9, 27) . This trend was not noticed in our Singapore students in this and an earlier (11) study. However, Yap et al. (11) revealed in his study that Singapore female students were more stressed by the challenge of success as "dental students" and as "dentists" than their male colleagues. Females were also more insecure about their "professional future".
Perceived Stress level and biomarker
First year students had lowest mean DES scores but reported the highest scores on the PSS-10, and their sIgA secretion rate was the lowest. A few studies reported that the first year of dental school is a stressful experience for many (2, 27, 28) . First year students experience the greatest transition from a non-dental school environment to a new and competitive environment, with new curricula, and the expectation to master a large amount of complex material. For some, it may be the first time away from home and staying in hostels. Tertiary education has always been regarded as highly stressful (5) .
Salivary IgA and it relationship with perceived stress level and grouped stressors Salivary IgA secretion rate was significantly and inversely correlated with the self-perceived stress level (PSS-lO) even after adjustment for gender. It was also significantly and negatively correlated with academic work which was the group of top ranked stressors. These results confirmed findings of our previous studies on various groups of nurses where, those who reported higher level of stress had significantly lower level of salivary IgA (17, 29) Chronic psychological stress could reduce secretory IgA levels (19) . IgA is produced locally by the plasma celIs in the salivary gland. Chronic stress may decrease salivary IgA by reducing recruitment of precursors of plasma celIs in the salivary gland or by directly affecting the immunoglobulin producing activity of the plasma cell. (30) .
In conclusion, academic work and factors related to academic achievement were the primary source of stress in dental students. Students in different academic years perceive different stressors as being important. Students who perceived higher level of stress, showed significantly lower level of salivary IgA. An inverse correlation was found between salivary IgA secretion rate and academic work.
